Abstract-Vehicular traffic is continuously increasing around the world, especially in urban areas, and the resulting congestion has become a major concern to automobile users. The popular static electric traffic light controlling system can no longer sufficiently manage the traffic volume in large cities where real time traffic control is paramount to deciding best route. The proposed mobile traffic management system provides users with traffic information on congested roads using weighted sensors. A prototype of the system was implemented using Java SE Development Kit 8 and Google map. The model was simulated and the performance was assessed using response time, delay and throughput. Results showed that, mobile devices are capable of assisting road users' in faster decision making by providing real-time traffic information and recommending alternative routes.
Introduction
Traffic management system is the planning, monitoring, control and influencing the volume of traffic [1] . The objectives of traffic management is to maximize the effectiveness of the use of existing infrastructure, ensure reliable and safe operation of transport, address environmental goals and ensure fair allocation of infrastructure space (e.g. road space) among competing users [1] .
Basically two approaches can be applied in order to minimize transportation problems [2] . The most straight forward solution is to build more infrastructures, such as bridges, roads and viaducts, in order to increase capacity but this is not sufficient. Constructing new road infrastructure is limited due to environmental, social and !nancial constraints. The present traffic solutions in the urban areas such as traffic light have caused road users to stay longer than necessary on the road, resulting to increase in the cost of transportation, failure of appointments and health problems as a result of CO 2 emissions [3] .
This research presents a scalable, integrated traffic management solution that enables mitigation of traffic congestion. The traffic management solution was developed using mobile devices and weighted sensors. The system was able to provide real time traffic information to road users on their mobile devices and also suggests alternative routes. This will provide road users with relevant traffic information needed to make intelligent decisions for a safe, faster and convenient trip.
Related Work
There are several research works on transport management system especially in the area of traffic control. Some of the existing works for various traffic control system were reviewed in order to identify the research description. In [4] , an intelligent transportation system ITS services using cloud computing was presented. Identifying information (such as driver personal identification) transmitted by the sensor was secured through a proposed Vehicular Cloud Computing Service-oriented Security Framework (VCC-SSF) to address the limitations and security threats of VCC-based services. The work majorly focused on securing important data transmitted via the network. Also, [5] proposed an Unmanned Aerial Vehicles (UAVs), as a mobile sensor to collect road traffic information. Cruise route planning problem of UAVs was developed based on the highway network physical structure and a multi-objective optimization model was proposed to minimize both the total cruise time and the information value non detected by UAVs. Finally, a case study was used to demonstrate the results of the proposed model in UAVs' route planning.
In the work done by [6] , a system that was able to calculate vehicle's weight at any moment was proposed. The system was capable of measuring changes of vehicle suspension system in order to monitor changes of vehicle loading weight in various local and time situations and also, checking driver's attitude toward road surface roughness. The functionalities include, tracking mobile vehicle and showing them on maps inside the control center which can also be an intelligent tracking via a telegraphic that connects between mobile vehicles and the control center. Therefore, monitoring the situation such as; exact location, speed, other information regarding each vehicle, ability to send and receive message, control on sensors and to restrict the vehicles activities based on some defined rules such as forbidden areas, areas under inspection.
In the effort of [7] , IEEE 802.15.4 network architecture was used to monitor vehicular traffic flows near to a traffic light. The architecture was implemented with an innovative algorithm in order to determine green times and phase sequence of traffic lights, based on measured values of traffic flows. The focus of their work was to reduce the average waiting time. Several simulations were performed to confirm the validity of the proposed approach and the obtained results illustrated that, it is possible to obtain a better management of isolated traffic light junctions. According to [8] it was discovered that in a conventional traffic light controller, the traffic lights change at fixed time. This is because many traffic light controllers implemented in current practice, are based on the 'time-of-the-day' scheme which uses a limited number of predetermined traffic light patterns and implement these patterns depending upon the time of the day. They concluded that this automated systems do not provide an optimal control for fluctuating traffic volumes. They then emphasized that the efficiency of traffic flow through an intersection depends on the phases, sequence and the timing of the traffic signals installed to minimize the wait time of the vehicle in each queue. So, the fuzzy optimization used in their work deals with finding the values of input parameters of a complex simulated system which results in desired output. Fuzzy logic controller is then used to execute fuzzy logic inference rules from a fuzzy rule base in determining the congestion parameters, getting the warning information and the appropriate action. The number of vehicles in each lane is measured using sensors and at the end of each phase these numbers are used as inputs to fuzzy controller. Fuzzy controller calculates the duration of green light as per the traffic situation. Their simulation results show an improvement in the overall outcome of traffic management as compared to the conventional traffic controller, marking great feasibility and practicality of their model.
The work of [9] also proposed the use of wireless sensor networks to sense the presence of traffic near junctions and route the traffic based on traffic density in the desired direction with a microcontroller based routing algorithm. The sensors interact with the physical environment while the transmitter pages the sensor's data to the central controller which then receives the signal and computes the road and lane that has to be given green signal based on the density of traffic. The controller uses routing algorithm to perform the intelligent traffic routing. This is very easy to implement, less expensive. In [10] a similar method to that of [9] was presented, to avoid pedestrians coming in contact with heavy traffic rather than just sensing the presence of traffic near junctions. The work of [11] designed a system that utilizes and efficiently manages traffic light controllers. The work described an adaptive traffic control system based on an improved traffic infrastructure using Wireless Sensor Network (WSN). This was found to be dynamically adaptive to traffic conditions on both single and multiple intersections. The system design supported traffic control over multiple intersections and followed international standards for traffic light operations. In addition, a central monitoring station was designed to monitor all access nodes. Likewise, the traffic lights controller was designed with a priority queue to store all the requests. Emergency vehicles in different directions are stored in queue. They are allowed according to their priority along their directions. Traffic lights controller is responsible to check priority and change lights accordingly.
The authors in [3] worked on the cooperation of vehicles (nodes) on the network through the use of forward manager and fuzzy reputation manager to improve the overall performance of a vehicular ad hoc network by encouraging packet forwarding. The forward manager in each node keeps track of the number of received forwarding requests and the number of packets which have been forwarded so far. The fuzzy reputation manager checks each packet's source node to see whether it is selfish or not. Packets that belong to selfish source nodes are eliminated from the network.
Their simulation results showed that the proposed scheme can successfully increase network performance. Niittymaki in [12] presented a field test of a simple two-phase fuzzy signal controller. The results showed that the fuzzy logic controller performed better than vehicle-actuated control in terms of delay, percentage stops and savings in fuel and emissions. The efforts of [13] considered the arriving rates of compared signals based on a fuzzy rule approach which was designed to regulate traffic flow for oversaturated intersections. The fuzzy controller decides whether to terminate the currently green signal or extends it for some period. The assessments were made using set of fuzzy rules. These rules considered the queuing lengths and arrival rates of current green signal and then compare these to the waiting signal.
In [14] an intelligent RFID traffic control in order to solve the problems with system that uses image processing and beam interruption techniques was developed. In their work, RFID technology with appropriate algorithm and database were applied to a multi vehicle, multi-lane and multi road junction area to provide an efficient time management scheme. The simulation results from the work shows that the dynamic sequence algorithm has the ability to intelligently adjust itself even with the presence of some extreme cases. The real time operation of the system emulated the judgment of a traffic policeman. The authors in [15] developed a real time traffic signal timing model which was integrated into a single intersection for urban road to solve the problem of traffic congestion. The method employed was to first analyze the current situation of the traffic flow and then put forward the basic models to minimize total delay time of vehicles at the intersection. Their result provided useful insight on signal control to prevent traffic congestion. Also authors in [16] developed an intelligent traffic light control using fuzzy logic which has the capability of mimicking human intelligence for controlling traffic lights. The time delay experienced by the vehicles using the fixed as well as fuzzy traffic controller is then compared to observe the effectiveness of the fuzzy traffic controller. As it can be deduced from the review, several different techniques have been proposed for ameliorating vehicular traffic, most of which are either not mobile or road users centered. This work adapted and improved on [8] to propose a mobile traffic management system using weighted sensor to provide real time traffic information to road users on their mobile devices and also suggest alternative routes.
3
Materials and Method
Architecture for the Mobile Traffic Management System
The proposed architecture in Figure 1 consists of weighted sensors, global positioning system, VSAT, control room and mobile devices. It illustrates how information from the sensors on the road get to the control room and are being display through Google map on the mobile devices. Road users will be alerted on their mobile devices to know the traffic status and will be provided with alternative routes to take when a certain area is congested. http://www.i-jim.org Roads with appreciable distance from the traffic light junctions are equipped with weighted sensors and help to get information on the number of cars on the road. When the number of cars exceeds the benchmark, the sensors from the road send signals to the road VSAT. The VSAT on the road send the received signal to the control room via the control room VSAT. The GPS Satellite located in space provides road update information to the Google map. The control room consists of an application server, database server and system administrators which monitor traffic information. The information in the control room is being use to disseminate traffic information to mobile devices. The signal sent from the sensors is been processed in the control room then check its database if alternative routes are available. If alternative routes are found in the database, the control room uses a gateway to connect to the internet which then makes use of the Google map application located on the mobile device to relay the information in the form of a notification showing the message "Road is congested, Please take the alternative route". The system provides the list of alternative routes.
Simulation Model for the Mobile Traffic Management System
In this research work, Netcracker 4.1 professional was used to simulate the proposed design. The simulation model using NetCracker simulator is shown in Figure 2 . It depicts an intelligent traffic control system with appropriate connections from the sensor location to the network operations center (NOC). If a route is congested, the sensor node sends signals to the NOC (which contains the workgroup) where the signals are sent to be processed in the Alternative route processing center to check for alternative routes and when the route is found, it is then sent to the mobile device notifying car users of the alternative route. 
Parameters Used In Evaluating the Performance of the Network
Throughput: Throughput is the average data rate of successful data or message delivery over a specific communications link. It is controlled by available bandwidth, as well as the available signal-to-noise ratio and hardware limitations.
Throughput (kb/sec) = Window size (kb) / Delay time (s). Where window size is the packet size and Delay time; is the lag time between the point when packets were sent and the point when it is being received.
Delay: The total time that it takes for a packet, to travel end-to-end is called network delay. Delay is measured in seconds. The delay of a network specifies how long it takes for a bit of data to travel across the network from one node or endpoint to another. It is typically measured in multiples or fractions of seconds.
Response time: Response time is the speed at which it takes a packet to be sent from a source to a destination. Response time is measured in seconds. The response time specifies how fast it takes for a packet sent from a source to get to its destination.
The Database Design
The database design shows different nodes that are attached to specific routes. A route consists of different paths and each path is divided by junctions called nodes and specified by path index in the database. The database -containing excerpt of traffic data within Lagos metropolis, Nigeria -also captures the latitude and longitude of the different nodes. For Route 1 the alternative routes are routes 2 and 3. For route 2 the alternative routes are routes 1 and 3 and for route 3, the alternative routes are route 1 and 2. Table 1 shows the status of different nodes at different times. The node column contains a pointer to the Node in the node table, the day the status was retrieved, time in 24hr format and the status, which is the weight, returned from the weight sensors. A status of 1 indicates that the route is free while 6 indicate it is blocked. A seven-day history is kept for record purposes. Table 2 shows the different available routes in the database. Three routes that were considered for testing the application are:
Route 1: Allen Round About, Ikeja, Lagos, Nigeria -Kudirat Abiola Way, Ikeja, Lagos, Nigeria -Ikorodu Rd, Lagos, Nigeria -Mariland Bus Stop, Kosofe, Lagos, Nigeria.
Route 2: Allen Round About, Ikeja, Lagos, Nigeria -Ikeja Roundabout, Ikeja, Nigeria -Mobolaji Bank Anthony Way, Nigeria -Mariland Bus Stop, Kosofe, Lagos, Nigeria.
Route 3: Allen Round About, Ikeja, Lagos, Nigeria -Sheraton Link Rd. Ikeja, Nigeria -Mobolaji Bank Anthony Way, Nigeria -Mariland Bus Stop, Kosofe, Lagos, Nigeria.
For the application runs, junctions on the three routes are randomly assigned weights between one and six, with one indicating that the junction is free and six indicating that it is blocked. 
Prototype Android Application (Mobile Route)
The system design was illustrated using flowchart in Figure 3 . The flowchart shows the coding process indicating the various conditions that govern the operation. An Android application called "MOBILE ROUTE" was developed for the implementation. The application is simply selected from list of installed apps on a mobile device. Ikeja, Lagos, Nigeria environment was used for the case study. The application simulates and selects the fastest route from one of three routes from the popular Ikeja roundabout to Maryland bus stop in Lagos. The application has a mobile route on the home page, where users are given access to simulate fastest route from ikeja to Maryland. Figure 4 is the traffic alert pop-up, which always alerts road users of the traffic situation on the road and also provides an alternative route. The information needed for getting the alternative routes is gathered from Figure 5 , which shows the different available routes. Figure 7 . Simulation results showed that the delay between the Mobile Device and Traffic Light are very close, this implies that there the time wasted for the traffic information to be passed on to the road users is small. The response time for each location, measured in seconds, is shown in Figure 8 . It was ob-served that mobile devices have the faster response time of 2.7 seconds than the Traffic Light Centre which has a response time of 50.1 seconds. This indicates that the mobile devices responds faster than the traffic light center and that, traffic information is arrive faster on the mobile devices. 
Conclusion
African countries have a very high dependency on satellites, with the majority of the countries having more than 95% of their international traffic carried by satellite ( [17] , [18] , [19] ). With almost all of Africa's international bandwidth provided by satellite, there is great potential for technologies such as VSAT to solve traffic problems in developing countries, although the lack of funds, expertise, equipment or awareness has contributed to developing countries not using satellite technology to its full potential [19] . In this research, we have been able to develop a model and create an application called "Mobile Route" to simulate and show different available routes ranked based on their probability of being traffic free. A traffic management system in which traffic updates are received on mobile devices based on information gotten from weighted sensors is capable of providing feasible alternative to the existing predetermined fixed based traffic control system, especially in developing countries, by reducing road congestion, long hours spent on the road, and creating more access routes at intervals when there is congestion in the road network. Reducing or eliminating congestion will lead to a better work-life balance, increase human productivity and help the economy to develop. 
